SUMMARY Tubercle bacilli, which survived heat fixation, were detected with a slide culture technique which allowed the entire smear to be examined. Both conventional flame fixation and the use of a controlled hot-plate failed to render tuberculous sputum smears safe for further handling. Smears which were stained with the phenol-auramine method failed to yield growth on culture. If delay between preparation and staining is unavoidable, it is recommended that smears are given additional treatment to prevent the survival of tubercle bacilli.
Fixation of smears, prepared from clinical specimens, is usually done by passing the slidethrough theflame of a gas burner. This technique has been recommended by numerous authors since, according to Bulloch,' it was introduced by Robert Koch in 1881. Exposure to an electrically-heated surface has also been recommended.2 According to some authors heat fixationkills bacteria present in the smear material.345 However, there have been other reports which indicate that possible hazards may arise from organisms which survive heat fixation. Soltys6 reported an anthrax infection, probably caused by organisms which survived both fixation and staining. Blair, Bretherton and Tul17 have shown that tubercle bacilli could be recovered from smears, prepared from sputum concentrate, even though they were heat fixed at 65°C for 2 h.
The International Union against Tuberculosis has published a technical guide which states that "storage and transport of fixed smears is easier than storage of sputum samples."8 Since such a use of smears may be dangerous and because of the importance attached to tuberculous sputum as a laboratory infection hazard, a study has been undertaken to examine the effect of heat fixation on sputum smears containing tubercle bacilli. A slide culture technique, followed by microscopic examination of the entire smear, has been used to detect surviving tubercle bacilli.
Material and methods
All procedures were carried out within laboratory Accepted for publication 12 In the first experiment two direct smears were prepared from each of 187 sputum specimens. One slide from each pair of smears was passed three times through the flame of a gas burner with the smear side uppermost. This was sufficient exposure to make the slide just too hot to be borne on the back of the hand. The slide was allowed to cool within the safety cabinet. The second slide was not heated and acted as a control. Both smears were cultured in SLB medium.
The second experiment was designed to examine the use of a heated surface for fixation. A conventional electric hot-plate was tested for suitability, but the surface temperature was found to vary from 70°C to 125°C in different areas. To overcome temperature variation a tray, constructed of stainless steel, was placed in a water-bath (Grant Instruments model SBX) so that the base and sides were surrounded by circulating water. The water temperature was controlled using a contact thermometer and the surface temperature of the metal tray was recorded using a surface contact thermocouple attached to a digital read-out thermometer (Comark Electronics Ltd, Rustington, Sussex). Sets of 16 smears were prepared from each of 49 sputum specimens. One smear was cultured directly as a control, the other smears were heated at 65, 75 or 85°C for 7T5, 15, 30, 60 or 120 min. After fixation, smears were allowed to cool and were then cultured in SLB medium.
STAINED SMEARS
The third experiment examined the effect of fixation and staining on the survival of tubercle bacilli. Two smears were prepared from each of 50 sputum specimens. One smear was flame fixed, then stained, using the phenol-auramine method. The other smear was flame fixed but remained unstained. Both smears were cultured in SLB medium.
OTHER BACTERIOLOGICAL INVESTIGATIONS
All sputum specimens were cultured, on LowensteinJensen medium, using a modified Petroff technique. Positive cultures were identified as Mycobacterium tuberculosis by examination of colonial morphology, pigmentation, the production of nicotinamide (niacin), and by their failure to grow on egg medium containing 500 mg/l 4-nitrobenzoic acid and on normal medium incubated at 25°C.
Results
In the first experiment, 186 (99%) of 187 control smears produced cord-forming microcolonies. Of the corresponding 186 smears exposed to flame fixation, 184 (99%) produced growth on slide culture. Thus, only two of the smears were rendered "safe" by conventional flame fixation. It was not possible to measure the proportion of surviving organisms on individual smears. However, in the majority of smears a large proportion of organisms appeared to have grown during incubation (Fig. 1) .
Results of the second experiment are presented in the Table. All 49 specimens yielded growth on control slides. Exposure of smears to 65°C had little effect on survival of tubercle bacilli; even after two hours, 63 % of the smears yielded growth on culture. More effective killing occurred when smears were exposed to higher temperature, but even when they were exposed to 85°C for two hours, 28% still yielded growth. In some smears, exposed to the higher temperature, only a few bacilli had grown and non-viable organisms were then seen as single cells forming a background to the large microcolonies (Fig. 2) . In other instances, microcolonies were seen only in thick parts of the smear.
In the third experiment all 50 of the flame fixed smears produced growth on slide culture. However, none of the corresponding stained smears produced growth. All specimens used in the three experiments yielded cultures identified by the standard procedures as M tuberculosis.
Discussion
From the results of this investigation it is clear that heat fixation fails to sterilise all sputum smears.
Survival of tubercle bacilli in heat-fixed sputum smears 5  48  98  49  100  48  98  15  48  98  49  100  43  88  30  47  96  40  82  33  67  60  34  69  31  63  15  31  120  31  63  18  37  14  28 Conventional flame fixation allowed a high proportion of tubercle bacilli to survive. It was not possible to calculate the number of organisms surviving prolonged exposure to a heated surface. However, in smears which received the higher temperatures and longest exposure the number of microcolonies was small. The observation that bacilli had only survived in the thick parts of some of the smears suggests that sputum provides protection for bacilli during fixation. As many of the specimens used in this study had become liquefied during transit the smears were generally thin. It is likely therefore that fresh specimens of sputum, because of their greater viscosity, might offer even more protection during fixation.
Wallace'3 found a marked difference in the survival of actively growing and stationary-phase cultures, when tubercle bacilli were exposed to moist heat, and a similar difference was also found between bacilli from acute and chronic lung infections in mice. Thus, organisms in the exponential phase appeared more susceptible to heat than those in a dormant phase. It is possible therefore that resistance to heat fixation may also depend on the physiological state of the bacilli in sputum.
Viable tubercle bacilli remaining in heat-fixed sputum smears may present an infection risk to laboratory staff. This could occur by direct injury from a broken slide or by inhalation of material detached from the slide. It is also possible that insects may ingest unstained smear material. However, as it was found that tubercle bacilli failed to survive in stained smears, those smears in which tubercle bacilli have survived fixation are unlikely to present a serious hazard to laboratory staff, providing that they are stained soon after being prepared. If delay between preparation and staining is unavoidable it is recommended that smears are made safe by immersion in glutaraldehyde or by the method described by Blair et al.7 Without such treatment the transport of smears over long distances from peripheral dispensaries to laboratories containing microscopes, as has been recommended by the International Union against Tuberculosis, is likely to be a far more dangerous procedure than has been appreciated previously. 
